Infections are becoming difficult to treat with commonly used antibiotics when caused by extended spectrum b-lactamase (ESBL)-and metallo-b-lactamase (MBL)-producing organisms. 1 In recent years, the antibiotic resistance against ESBL-producing organisms has increased at an alarming rate. 2 To overcome the antibiotic resistance caused by ESBL producers, carbapenems were introduced in clinical settings. However, carbapenem resistance among the members of the Enterobacteriaceae family has been reported globally. 3 In view of the increasing antibiotic-resistance problems because of ESBL and MBL, a combination of ceftriaxone with sulbactam and EDTA, altogether termed as CSE1034, was developed, which has been found to be effective against ESBL-producing organisms. 4,5 However, its efficacy against isolates harboring MBL and ESBL þ MBL is yet to be explored. Therefore, in vitro susceptibilities of MBL-and ESBL þ MBL-positive Escherichia coli and Klebsiella spp. isolates to CSE1034 and other b-lactams were investigated.
34 K. pneumoniae, 9 were from CSOMs, 8 from SSSIs, 7 from LRTIs, 4 from UTIs, 3 from BS and 3 from BJIs; of the 21 K. oxytoca, 7 were from CSOMs, 6 from UTIs, 4 from SSSIs, 3 from LRTIs and 1 from BS. The screening results confirmed that 50 isolates were ESBL producers, 15 were MBL producers and 86 had coproduced both ESBL and MBL. In E. coli, TEM-1, TEM-2 and TEM-50 were observed in 27, 17 and 7 isolates, respectively, whereas SHV-1 and SHV-10 were found in 58 and 10 isolates, respectively. NDM-1, VIM-1 and IMP-1 were found in 28, 17 and 16 isolates, respectively. Similarly, in Klebsiella spp., TEM-1, TEM-2 and TEM-4 were observed in 16, 18 and 2 isolates, respectively, whereas SHV-1 and SHV-2 were found in 35 and 2 isolates, respectively. NDM-1, VIM-1 and IMP-1 were found in 7, 28 and 26 isolates, respectively.
In vitro antibacterial susceptibility data are presented in Table 1 . CSE1034 was the most active antibacterial agent with the majority of ESBL-producing E. coli displaying 93.02% susceptibility, whereas MBL-and ESBL þ MBL-producing isolates exhibiting 100% susceptibility. Imipenem plus cilastatin appeared to be the second most active agent with 67.44% susceptibility, followed by piperacillin plus tazobactam (58.14%), cefoperazone plus sulbactam (55.81%) and ceftriaxone (51.16%). However, E. coli harboring ESBL þ MBL exhibited 86.36%, 95.45%, 90.90% and 100% resistance to imipenem plus cilastatin, piperacillin plus tazobactam, cefoperazone plus sulbactam and ceftriaxone, respectively. Klebsiella spp. (K. oxytoca and K. pneumoniae) appeared to be highly susceptible to CSE1034 (100% to each of ESBL-and MBL-producing isolates, and 93-96% to ESBL þ MBL-producing isolates). ESBL-producing Klebsiella spp. were equally susceptible to imipenem plus cilastatin and piperacillin plus tazobactam (66-75%), and susceptibilities of cefoperazone plus sulbactam and ceftriaxone varied from 33 to 50% and 25 to 33%, respectively. However, ESBL þ MBL-producing Klebsiella spp. showed 100% resistance to ceftriaxone followed by 96-100% to each of the piperacillin CSE1034 showed intermediate-to-resistant response to TEM-50-positive isolates. However, it appeared to be highly susceptible to NDM-1-, VIM-1-and IMP-1-positive isolates. Imipenem plus cilastatin, piperacillin plus tazobactam, cefoperazone plus sulbactam and ceftriaxone that were resistant to NDM-1-, VIM-1-, IMP-1-and TEM-50-positive isolates, however, were found to be susceptible to those isolates positive with TEM-1, TEM-2 and SHV-1. The enhanced susceptibility of CSE1034 against E. coli and Klebsiella spp. is likely to be associated with synergistic activity of ceftriaxone plus sulbactam plus EDTA. 11, 12 The CSE1034 enhanced the susceptibility by altering the outer-membrane permeability, which in turn increased penetration of drug inside the bacterial cells. Furthermore, EDTA chelates the divalent ions required for the activity of MBL, thus enhancing the susceptibility of CSE1034 toward MBL-producing organisms. Our previous studies also demonstrated the enhanced in vitro efficacy of CSE1034. 5, 6, 11, 13 Studies in animal models also demonstrated promising in vivo efficacy of CSE1034. 14, 15 The results obtained in the present study confirmed the broad-spectrum activity of CSE1034 against the MBL-and ESBL þ MBL-producing organisms. Hence, CSE1034 can be considered as a drug of choice for the treatment of infections caused by these organisms.
